Stochastic mitochondrial DNA changes: bioenergy decline in type I skeletal muscle fibres correlates with a decline in the amount of amplifiable full-length mtDNA.
Extra-long PCR (XL-PCR) was used to assess the relative concentration of functional full-length mitochondrial DNA (mtDNA) in single type I human vastus lateralis muscle fibres of defined cytochrome c oxidase (COX) activity. Type I muscle fibres rely more on mitochondrial oxidative phosphorylation for their energy demands, compared to the other common fibre types (IIa, IIab and IIb) that principally depend on glycolysis for their energy requirements. A total of 60 single type I fibres were analyzed from 15 individuals (8 males and 7 females) of various ages. COX positive muscle fibres were shown to contain amplifiable full-length mtDNA together with a small number of mtDNA rearrangements. By contrast, COX negative fibres did not contain detectable full-length mtDNA, but did contain a heterogeneous mixture of rearranged mtDNA species with the frequency and occurrence of each deletion varying considerably from fibre to fibre. These data lead us to the conclusion that the level of COX activity in type I muscle fibres is reflected by the amount of amplifiable full-length mtDNA. It is proposed that the amount of amplifiable full-length mtDNA constitutes the functional fraction of the total mtDNA. A comprehensive hypothesis that relates the dynamics of mtDNA turnover, mtDNA mutations, mtDNA damage and repair to the ageing process is discussed.